The transfer of n-alkane-assimilating yeasts from glucoseto n-alkane-containing medium results in the induction of specific protein synthesis, including the cytochrome P-450 system, which catalyzes the primary oxidation of n-alkane (4, 9) . The induction of cytochrome P-450 in the microsomal fractions from Candida spp. after transfer from glucose-to n-alkane-containing medium has been reported (11, 12) . Changes in the endoplasmic reticulum in which the cytochrome P-450 system is localized as well as changes in peroxisomes have been studied (3, 10) . However, the mechanism by which such inductive changes occur remains unknown. Specific questions relative to these biochemical phenomena are as follows. At what level of gene expression is the induction regulated? How do n-alkanes affect gene expression? How is the expression of multiple genes simultaneously affected? How are the microsomal proteins processed and localized within cells?
We have isolated a series of mutants (15) and a few genes (7) from Candida sp. to address the above questions. We found that the induction of the microsomal proteins is regulated at the level of transcription and that these proteins are not synthesized as precursors.
MATERIALS AND METHODS Strains and growth conditions. The n-alkane-assimilating yeast Candida maltosa IAM12247 was cultured at 30°C. Cells were precultured in 10 ml of MY medium (3 g Polypeptides induced in the microsomal fraction of nalkane-grown C. maltosa. Specific polypeptides induced in the microsomal fraction from n-alkane-grown cells were identified by SDS-PAGE of the solubilized microsomal fraction (Fig. 1) . Three proteins (Mr, 92,000, 88,000, and 82,000) were more abundant in n-alkane-grown cells than in glycerol-grown cells (Fig. 1, lanes 1 and 2) . Each solubilized microsomal fraction was dialyzed against DEAE-buffer and separated into six fractions by DEAE-Sephacel column chromatography. Polypeptides in each fraction were analyzed by SDS-PAGE (Fig. 1, lanes 4 through 16) ; several polypeptides were detected in abundance in n-alkane-grown cells.
Microsomal polypeptides specifically synthesized in n-alkane-grown cells. Cells were pulse-labeled for 15 min with
[35S]methionine in n-alkane-, glycerol-, or glucose-containing medium after various cultivation times, and the solubilized microsomal proteins synthesized were analyzed. Although comparable amounts of original wet-cell weight (from which the solubilized microsomal fraction was isolated) were applied to each of the lanes of the gel in Fig. 2 , the total radioactivity in the solubilized microsomal fractions from cells grown in n-alkane for 6 h (lag phase; Fig. 2, lane 3) and for 14 h (mid-log phase; Fig. 2, lane 4) was greater than 10 times higher than the total radioactivity present in micro- The solubilized microsomal fraction from n-alkane-grown cells (14 h ) (lane 5) was treated with the antiserum against the 88,000-and 82,000-dalton polypeptides, the antirabbit antiserum was added, then the precipitate was analyzed (lane 6). somal proteins derived from non-hydrocarbon-grown cells, as can be seen from the density of the bands in Fig. 2 . Two polypeptides (Mr, 88,000 and 82,000) were selectively labeled in the solubilized microsomal fraction from 6-or 14-h n-alkane-grown cells (Fig. 2) . These results suggest that not only the total amount of the microsomal proteins but also the proportions of some specific proteins increased in n-alkanegrown cells.
Translation products formed in vitro with poly(A)+ RNA from n-alkane-grown cells. To determine whether polypeptide induction was regulated at the level of transcription, we extracted poly(A)+ RNA from n-alkane-and glycerol-grown cells and translated it in rabbit reticulocyte lysate in the presence of [35S]methionine. The resulting products were analyzed by SDS-PAGE (Fig. 3, lanes 1 through 4) . As compared with the negative control (Fig. 3, lane 5) , poly(A)+ RNA directed the synthesis of polypeptides with molecular weights ranging from greater than 150,000 to less than 30,000 (Fig. 3, lanes 1 through 4) . With poly(A)+ RNA derived from cells grown in n-alkane-containing medium for 6 and 14 h, 88,000-and 82,000-dalton polypeptides were the major products (Fig. 3, lanes 1 and 2) . Different labeling patterns were observed with poly(A)+ RNA from cells grown in n-alkane for 22 h (stationary phase; Fig. 3, lane 3 ) and glycerol-grown cells (Fig. 3, lane 4) . For example, in Fig. 3, lane 3 , 88,000-and 82,000-dalton polypeptides were absent, and a 70,000-dalton polypeptide which was not detected in lanes 1 and 2 was present.
A comparison of the polypeptides synthesized in vitro with poly(A)+ RNA from 6-h n-alkane-grown cells (Fig. 3,  lane 1) and from glycerol-grown cells (Fig. 3, lane 4) revealed that six polypeptides (Mr, 125,000, 120,000, 88,000, 82,000, 61,000, and 36,000) were specifically detected with poly(A)'
RNA from n-alkane-grown cells. Among these polypeptides, those with the molecular weights 120,000, 88,000, 82,000, and 36,000 seemed to have their counterparts in the microsomal polypeptides detected in abundance in n-alkanegrown cells.
Immunological analysis with antiserum prepared against the 88,000-and 82,000-dalton polypeptides. Antiserum against a mixture of the two polypeptides was prepared in a rabbit. The antiserum was incubated with the solubilized microsomal fraction derived from long-term-labeled n-alkane-grown cells. An analysis of the immunoprecipitate by SDS-PAGE showed that the 88,000-and 82,000-dalton polypeptides were precipitated by the antiserum (data not shown).
The solubilized microsomal fraction derived from pulselabeled n-alkane-grown cells was reacted with the antiserum, and the complex was treated with anti-rabbit immunoglobulin antibody. The precipitate was analyzed as described above. The results shown in Fig. 2 , lane 6, demonstrate that the 88,000-and 82,000-dalton polypeptides were precipitated from cells grown in n-alkane-containing medium for 14 h.
The same analysis was performed on the in vitro translation products (Fig. 3, lanes 6 through 9) and demonstrated the poly(A)+ RNA-directed synthesis of the 88,000-and 82,000-dalton polypeptides (Fig. 3, lanes 6 and 7) .
In all the samples, a few polypeptides with a molecular weight of ca. 50,000 were precipitated by the antiserum. It is suggested that these polypeptides tend to bind to antibody nonspecifically, as the antiserum prepared against ovoalbumin or each of several other microsomal proteins also precipitated these polypeptides (data not shown). DISCUSSION Several polypeptides were found in abundance in the solubilized microsomal fraction from n-alkane-grown but not glycerol-grown C. maltosa (Fig. 1) . The transfer of these cells from glucose-to n-alkane-containing medium stimulated protein synthesis in the microsomal fraction, with preferential induction of several proteins, especially the 88,000-and 82,000-dalton polypeptides.
An analysis of the in vitro translation products revealed that six polypeptides were synthesized by mRNA extracted from n-alkane-grown cells (Fig. 3) . On the basis of the molecular weights, four of these polypeptides (Mr, 120,000, 88,000, 82,000, and 36,000) appeared to be identical to the proteins which exist in abundance in the microsomal fraction from n-alkane-grown cells.
Immunoprecipitation analysis with antiserum against the 88,000-and 82,000-dalton polypeptides demonstrated that the induction of these polypeptides (Fig. 2) is accompanied by an increase in the amount of translatable mRNA (Fig. 3) . These results strongly suggest that the induction caused by the transfer of cells from glucose-to n-alkane-containing medium is regulated at the transcriptional level. As these polypeptides were cofractionated with cytochrome P-450 and NADPH-cytochrome c oxidoreductase in the solubilized microsomal fraction (data not shown), they may also exist in the endoplasmic reticulum. Further studies are required to determine the function of these two polypeptides and whether each of them consists of a single polypeptide. The molecular weights of these two immunoprecipitated polypeptides, as judged by mobility in SDS-PAGE, seemed to be identical in long-term-labeled cells, pulse-labeled cells, and in vitro translation products. Although small differences in molecular weights could not be detected under the present experimental conditions, we suggest that these two polypeptides are apparently not processed into smaller products. VOL. 160, 1984 on January 27, 2018 by guest http://jb.asm.org/ Downloaded from Several microsomal proteins have been shown not to have removable signal peptides (2) .
Peroxisomes have been observed in n-alkane-assimilating Candida spp. (3, 10) ; in addition, the synthesis of peroxisomal catalase has been shown to be accompanied by an increase in the amount of translatable mRNA (14) . Catalase has been shown to be synthesized at the same molecular weight in the precursor form as in the mature form, but carnitine acetyltransferase was synthesized only in the precursor form (13) .
We intend to measure the number of RNA transcripts in these proteins and to determine the mechanism of their induction. For this purpose, we are attempting to isolate the genes for these inducible proteins.
